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ABSTRACT 

An  investigation  of  the  effect  of  compressive  surface 
layers  on  the  strength  of  polycrystalline  ceramic  bodies  is 
described.  The  compressive  surface  layers  are  formed  by 
reactions  in  the  surface  of  the  material  at  high  temperatures, 
which  result  in  solid  solutions  having  lower  t normal  expansion 
coefficients  than  the  bulk  of  the  material.  Since  the  surface 
layers  tend  to  contract  less  than  the  bulk  of  the  material,  they 
are  placed  in  compression  during  cooling  to  room  temperature. 

'The  thermal  expansion  properties  of  a  wide  variety  of 
oxide  solid  solutions  were  measured.  Several  of  these  materials 
have  lower  thermal  expansion  coefficients  than  the  bodies  on 
which  they  (would  be  placed.  Several  methods  of  forming  solid 
solution  surface  layers  were  investigated.  Some  of  these 
methods  show  promise  for  formation  of  compressive  surface 
layers. 
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I .  INTRODUCTION 


Stronger  ceramic  materials  are  needed  for  radome  and 
structural  applications.  Stronger  materials  can  be  helpful  in 
reducing  weight,  and  in  improving  rain  erosion  and  thermal 
shock  resistance. 

This  report  describes  an  investigation  of  the  strengthen¬ 
ing  effect  of  compressive  surface  layers  on  polycrystalline 
ceramic  bodies.  It  Is  expected  that  the  compressive  stresses 
will  reduce  the  contribution  of  surface  flaws  to  the  structural 
failure  of  these  bodies. 

Compressive  surface  layers  can  be  formed  in  several  ways. 
An  extensive  background  for  this  work  has  been  built  up  in  the 
glass  industry.  Compressive  layers  on  glasses  have  been 
achieved  by  overlaying  one  glass  with  another  of  different 
expansion  coefficient,  by  quenching,  by  tempering,  by  ion 
exchange  at  relatively  high  temperatures  to  form  a  glass  surface 
having  a  lower  coefficient  of  thermal  expansion  than  the  bulk 
glass,  by  surface  crystallization  to  form  a  lower  expansion 
surface,  and  by  exchange  of  larger  Ions  for  smaller  ones  at 
low  temperatures  resulting  in  "stuffing"  the  surface.  Stronger 
polycrystalline  materials  resulting  from  various  heat  -treat¬ 
ments  indicate  the  possible  importance  of  residual  stresses  in 
determining  the  strength  of  these  materials. 

In  the  first  part  of  this  investigation,  the  compressive 
surface  layers  will  be  created  by  forming  low-expansion  surface 
layers  at  high  temperatures.  The  low-expansion  surface  layers 


will  be  produced  by  chemical  reactions  which  form  solid  solutions 
having  lower  coefficients  of  thermal  expansion  than  the  main 
body.  In  order  to  prevent  the  surface  layers  from  shearing 
off.  gradual  composition  variations  will  be  used  to  form  an 
expansion  gradient  which,  in  turn,  will  result  in  a  stress 
gradient . 

In  the  first  quarter,  effort  was  expended  mainly  in  the 
search  for  new  low-expansion  solid  solutions  and  in  prelimin¬ 
ary  attempts  to  form  low-expansion  surface  layers  on  poly¬ 
crystalline  ceramic  bodies.  In  two  systems,  solid  solution 
compositions  were  found  that  have  lower  expansion  coefficients 
than  the  bodies  on  which  they  may  be  used.  Preliminary  thermal 
expansion  measurements  were  made  in  several  other  solid  solution 
systems.  Some  of  the  methods  used  for  forming  low-expansion 
surface  layers  show  promise.  This  research  is  described  in 
the  following  sections. 
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II.  PROCEDURE  AND  RESULTS 


Thermal  Expansion  of  Oxide  Solid  Solutions 


The  literature  on  the  thermal  expansion  of  ceramics  has 
( i  2) 

been  reviewed'  *  '  and  the  thermal  expansion  of  oxide  solid 
solutions  has  been  studied  during  recent  programsv-  J 1 „  Solid 


solutions  in  the  systems  AlgO^-Cr^O^  TiC^-SnO^  and  Ti02-V02 


have  been  investigated.  The  solutions  in.  the  system  AlgO^-C^O^ 
have  lower  thermal  expansion  coefficients  than  Al^O^o  The 
solutions  in  the  system  Ti02~Sn02  have  lower  expansion  coeffi¬ 
cients  than  TiOg"  The  results  of  some  of  these  measurements 
are  given  in  Tables  I  and  II „ 


Based  upon  these  earlier  results,  mea.surem.ents  have  been 
made  on  a  number  of  other  solid  solution  series.  The  objective 
of  ohese  measurements  has  been  to  add  to  the  number  of  low- 


expansion  solid  solutions  available  for  possible  use  as  com¬ 
pressive  surface  layers.  The  following  systems  have  been 
investigated; 


MgO-NiO 

MgO-ZnO 

Al203-Cr203 

AlgO^—GagC^ 

MgOAlgCh  (spinel)  -  AlgO.^ 


Ti02“Sn02-V02 
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I he  v-j  .■  ro"p; ..  j  r ,  trees  ;; p ^  u ero.s  were  weighed 

and  -r.ix.ed  by  pressing  through  -•  200  me:-? a  screen.  Binder  was 
added  and  me  d  1  r»;b s  were  pressed  and  Lined,  ?ne  fired  discs 
vrere  broken  up,  ground  ir.  a  Fisher  nno^cic  mortar  and  pestle 
and  re  fired .  In  rent  ernes  the  batches  were  ground  and  refired 
one  or  .more  times  .  Some  o;  me  details  of  these  sample  prepara¬ 
tion  procedures  tre  given  ir  Table  III , 

The  equipment  used  for  t.ne  X-ray  thermal  expansion 
measurements  consisted  of  a  General  Electric  XRD-5  diffractometer 
and  a  Tern- Free  nign  temperature  X-ray  diffraction  furnace.  The 
sample  holder  is  a  platinum  plate  with  a  milled  depression 
13  by  l6  by  0,75  mm  deep,  Because  of  the  high  thermal  con¬ 
ductivity  of  platinum,  tne  maximum,  difference  in  temperature 
across  the  specimen,  holder  it  2r  one r  the  range  25°  to  1000°C. 

A  precision  potentiometer  is  used  to  read,  the  temperature  during 
the  diffraction  peak  measurement  and  the  furnace  is  manually 
controlled.  The  specimen  holder  mounting  is  provided  with 
rotational,  tilting  and.  translational  adjustments  so  that  the 
sample  surface  can  be  aligned  on,  and  parallel  to  the  diffrac¬ 
tometer  axis. 

Copper  radiation  (•{  -1,57-0:. 0  A.  for  Ka^}  was  used  for  all 
measurements  *  Trie  X-ray  tu.be  was  operated  at  30  KV  and  15  ma, 
with  a  0,007 “In,  nickel  filter,  A  3°  beam  slit  and  a  0,2° 
detector  slit  were  used  with  a  scanning  rate  of  0,2°  (29)  per 
minute  and  a  chart  speed  of  30  in$  per  hour.  To  attain  precision 

and.  accuracy  in  the  determination  of  lattice  constants,  use  was _ 

made  of  lines  in  the  back-reflection  region. 


Thermal  Expansion  Batch  Compositions  and  Preparation  and  Procedures 


TABLE  III  (Cont.) 


(1)  MgCOo  Fisher  Certified  Reagent  was  used  as  source  of 
MgO  J 

(2)  Baker  Analyzed  Reagent 

(3)  Al(0H)o  Fisher  Certified  Reagent  was  used  as  source  of 

ai2o3  ^ 

(4)  Ga^O^  was  prepared  at  Linden  Laboratories 

(5)  Fisher  Certified  Reagent 

(6)  TAMCO  heavy  grade  TiC>2 

(7)  .  Fisher  Certified  Reagent  was  used  as  source  of  V02 

(8)  Fisher  Certified  Reagent 

(9)  Norton  Company  Levigated  Alumina  was  used  as  source  of 

ai2o3 

(10)  Fisher  Certified  Reagent 

( 11 )  Ceramic  Color  &  Chemical  Co, 


Thermal  Expansion  of  Solid  Solutions  In  the  MgO-NlO  System 


The  following  solid  solutions  were  prepared: 

0.8  Mg0-0.2  NiO 
0.6  Mg0-0.4  NiO 
0.4  Mg0-0.6  NiO 

A  fast  scanning  X-ray  pattern  indicated  that  the  reaction  was 
complete  with  formation  of  a  single-phase  material.  The  lattice 
spacings  of  the  solid  solutions  are  smaller  than  those  of  pure 
MgO. 

The  thermal  expansion  curves  of  these  materials  are 
shown  in  Figure  1  and  the  data  are  given  in  Table  IV.  The 
thermal  expansions  of  the  solid  solutions  are  smaller  than  the 
thermal  expansion  of  pure  MgO.  These  reductions  are  smaller 
than  expected  and  desired,  but  seem  to  be  sufficient  to  justify 
further  consideration  of  their  possible  usefulness  for  forma¬ 
tion  of  compressive  surface  layers. 

Thermal  Expansion  of  Spinel  Solid  Solutions 

The  following  solid  solutions  were  prepared: 

0.5  Mg0-0.5  A1203 
0.3  Mg0-0.7  A1203 
0.2  Mg0-0.8  AlgO^ 

After  firing  overnight  at  1500°C,  the  composition  0.5  MgO- 
0„5  AlpO^,  the  stoichiometric  spinel  composition,  showed  a 
major  fraction  of  spinel  and  a  minor  fraction  of  periclase  (MgO). 
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FIGURE  I.  THERMAL  EXPANSION  OF  MgO-NiO  SOLID  SOLUTIONS 
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When  a  more  reactive  material  containing  MgO,  for  example  MgCO^j 
is  used  as  the  starting  material  the  resulting  product  contains 
spinel  plus  a  small  amount  of  corundum  ( hlo0^) „  The  0.3  MgO- 
0.7  AlgO.^  composition  contains  spinel  plus  a  minor  amount  of 
corundum.  The  lattice  spacings  of  the  spinel  are  shifted  to 
smaller  values,  apparently  by  solution  of  aluminum  oxide  In  the 
spinel  lattice, 

The  thermo  1  expansion  curves  for  trie  alumina-rich  spinel 
and  the  more  stoichiometric  spinel  are  shown  in  Figure  2.  The 
data  are  given  in  Table  Vi  The  thermal  expansion  coefficients 
of  the  alumina-rich  spinel  are  substantially  lower  than  the 
thermal  expansion  coefficients  of  the  more  stoichiometric 
material.  Although  the  compositions  of  the  solutions  measured 
in  these  cases  are  not  known,  sufficient  thermal  expansion 


difference  was  observed  to  give  rise  to  stresses  that  are 
large  enough  to  justify  further  consideration  of  these  materials 


for  formation  of  compressive  surface  layers „ 


Thermal  Expans  Ion  of  Other  Solid  Solutions 

Alo0^ -Gag0-3  System 

The  X-ray  pattern,  of  the  sample  of  the  composition- 
0,8  Al,p0y0,2  GagOq  Indicated  a  mixture  of  a  AlgO^,  and  (3  Ga^O^ 
with  substantial  shifting  of  the  Al^O^  peaks  due  to  solution 
of  Ga^O^  in  the  Al^O^.  Although  the  composition  of  the  solid 
solution  Is  not  known,  a  preliminary  thermal  expansion  measure¬ 
ment  was  made  to  get.  some  indication  of  the  results  to  be 


FIGURE  2.  THERMAL  EXPANSION  OF  AN  ALUMINA-RICH 
SPINEL  COMPARED  WITH  A  MORE  STOICHIOMETRIC 
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TABLE  VI 


Triennial  Expansion  of  More  Stoichiometric  Spinel 
(Prom  reaction  of  composition  0,5  Mg0-0,5  Ai^Cv  ’ 


Temp# 

Angle 

d 

o.  d 

fo  exp 

26,5 

137,98 

,82510 

200 

137,62 

,82611 

, 0C101 

0,122 

400 

137,1.3 

#82749 

, 00239 

0 

cn 

OJ 

0 

600 

13606l 

,82897 

, 00387 

0,469 

800 

136,04 

,83062 

,00552 

0,669 

1000 

135,44 

0 83240 

, 00730 

0,896 

v  r,  p  rvrTi 


expo  red  :i  n  v : :  i.  cem ,  Trie  .  o !  i  d  .oirU.cn  hr.;  r  lire  "  lv 

larger  r; nerval  expansion  coefficients  and  .-.lightly  larger 
rmal  expansion  anicoifopc  than  the  pure  afluml  ui,m  oxide.. 


■X 2£3 -Cr-gQ.j  Sy  a  tat. 


The  X-ray  diffraction  patterns  oi  several  solid  solution 
compos itions  in  inis  system  snovfed  complete  reaction’  :o  form 
a  single  phase  but  the  solid  solutions  formed  were  inhomogeneous 
so  that  the  diffraction  peaks  in  the  back-reflection  region  were 
very  broad ,  Thermal  expansion  measurements  using  the  broad 
back -reflection  peaks  and  the  sharper  peaks  at  smaller  diffrac¬ 
tion  angles  led  to  unreliable  results ,  In  order  to  form  more 
homogeneous  solutions,  it  is  planned  to  coprecipitate  the  two 
oxides  from  water  solution  so  that  the  materials  will  be  very 
intimately  mixed  before  firing,. 

TIOg-SnOg -VO ^  System. 

Before  beginning  work  on  this  present  program,  it  was 
known  chat  Ti.02-3n0o  solid  solutions  had  lower  thermal  expansion 
coefficients  than  the  pure  Ti0o  and  that  flOg-v'CV,  and  Sr.02~V0o 
solid  solutions  had  lower  thermal  expansion  anisotropy  than  the 
pure  TiOg.  Therefore,  it  seems  reasonable  to  expect  that 
relatively  low-expansion  surface  layers  with  reduced,  thermal 
expansion  anisotropy  can  be  found  in  the  TiOg-SnOg'-VGg  system. 
Preliminary  X-ray  diffraction  measurements  indicate  that  firing 
temperatures  high  enough  to  react  the  TiOg  and  SnOg  result  in 


low  o':  we  V0o  by  evaporation ,  I:;  i ..  pinnwd  -,o  nee 


wd  hnCU  in  advance  and  tlum  acid  w 


•:0_  co  v  y- i 0  -  win,,  solu¬ 


tion  to  attempt  to  prepare  solutions  oi  cue  desired  corrpo  .it lor:. 


MgO -ZnO  Sysco"''. 


K-ray  diffraction  examination  of  fired  mixture:;  :i.r:  the 
MgO -ZnO  system  indicated  r.o  change  in  the  lattice  cons cants 
of  line  MgO  and  substantial  rena living  ZnO,  for  the  l  ining  treat¬ 
ments  used.  Low  intensity  peaks  indicated  tne  presence  of  an 
unidentified  phase.  No  further  experiments  are  planned  wish 
this  system. 


B,  Formation  of  Compressive  Surface  Layers 


When  it  was  found  that  a  solid  solution  of  tin  oxide  in 
rutile  had  a  coefficient  of  thermal  expansion  less  than  that 
of  rutile  (see  Table  I),  a  chemical  approach  to  producing 
compressive  surface  layers  in  oxide  po ly  c  r  y s t a  11  ine  ceramic?, 
was  available  for  study,,  The  relatively  low  firing  tempera¬ 
ture  of  titania  together  with  its  extensive  solid  & elution  with 
tin  oxide  make  it  a  good  choice  for  preliminary  studies  of  the 
feasibility  of  the  proposed  strengthening  method.  Disadvantages 
of  the  titania, -tin  oxide  system  are  the  low  tensile  strength  of 
rutile  bodies  (as  compared  to  alumina  bodies)  and  the  refrac¬ 
toriness  of  tin  oxide,  ■■ 

The  concentration  of  the  tin  oxide  in  this  surface  layer 


solid  solution  should  decrease  from  the  surface  to  the  inter- 
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present  Line*  It  is  clear,  though,  that  tne  compressive 
surface  Layers  should  be  thicker  than  the  expected  flaws  due 
to  a  bra  s. .on.,  In  the  case  of  aril  fie  ally  ubr&aad  glasses  with 
compressive  surface  layers ,  a  compressive  layer  trickness  of 
.7.0 re  ; har|  80  u  was  reported  necessary  b>  Nordberg  et  to 

retain  modulus  of  rupture  values  above  50,000  psi  On  rise 
other  hand,  the  compressive  surface  layers  should  not  be  so 
thick  that  they  significantly  increase  the  tensile  stresses 
in  the  core. 


S ample  Prepara t i on 


The  specimens  were  prepared  from.  TAM  heavy  gracie 


titanium  oxide,, 

Sieve  Analysis  # 
Particle  Size 


=  0,1#  max .  325  raesh 

0 . 5  t  c  3 » 0  m i  c  r ons 


Ti02  -  93,0  -  99 . Q% 

S102  =  0j\  -  0.8# 

Alio.,  =  0,5#  max, 

f 

Ignition  Loss  ~  0.25#  max. 


Tin  was  added  to  the  tiiania  as  C.P.  stannic  oxide, 
stannous  chloride,  or  stannic  chloride. 


Tee  !  ire  ■.  .'.ampler  ,  pressed  from  dr;  per  a-;  r,  were  too 
alt  fienli  ro  handle  and  polyvinyl  alcohol  ; fvnnol  01-00)  war 
added  to  the  dry  powder  sc  i  hinder . 

Two  and  one -naif  to  live  per  rent  fly  weight)  of  the 
fit  gram  oP  Evanol  in  '<h  ml  water)  binder  solution  was  .aided 


!  O  r 

he  dry  powder 

and  mixed  in  a  mortar 

and  pestle, 

Bars 

(3" 

by  3/>f’  by  1/ 

V )  were  pressed  in  *.  a 

tv:  el  mold 

v.  various 

pres 

cures.,  Good 

samples  were  obtained  a 

t  pressures 

,  of  0 » COO 

to  10,000  pounds  per  square  inch.  At  higher  prer surer,  10,000, 
20,000  and  25 , 000  psi,  the  body  showed  i-..nir;  , lieir-  In  thid 
method  (wet  binder)  of  adding  the  cinder,  there  seems  to  be  an 
excess  of  water  in  the  pressed  specimen  as  -it  is  taken  from  the 
mold,  A  second  method  (dry  binder*!  of  adding  cue  binder  to  the 
mix  was  used  in  order  to  produce  a  dryer  bar,.  Nine  per  cent  of 
a  (20  gram  Evanol  to  70  ml  water)  binder  solution  was  added,  to 
the  powder,  thoroughly  mixed,  and  then  dried  at  110cC  overnight , 
The  dried  binder  and  powder  is  then  broken  up  in  a  mortar  and 
pestle,  0,75  per  cent  water  is  added  and  again  well  mixed.  This 
mixture  is  pressed  at  20,000  and  20,000  ps.i  in  the  steel  mold, 
/•.ll  tar  samples  weighed  approximately  twelve  grams. 

All  firing  of  the  samples  was  done  in  an  electrically 
heated  furnace  and  temperatures  were  read  with  a  platinum- 
platinum  10$  rhodium,  thermocouple. 


Forma i  I  on  c  f  olid  Foils,  i.on  Fuila.-''  Laver,, 

The  10 11  or :i. ng  method::;  were  uoe:i  r,o  introduce  tin  into  the 
unfired  titania  bars: 

1 .  clipping 
2,  painting 

Dipping  into  solutions  oi  tin  compounds  in  water  or  alcohol 
resulted  in  disintegration  of  the  unfired  bars  so  this  method 
was  abandoned.,  Painting  resulted  in  apparently  uniform  layers 
and  avoids  the  disintegration,, 

A.  dye,  eos.in  (0,05  gns  in  1  ml,  alcohol),  was  added  to 
the  tin  solutions  in  some  cases  to  determine  the  depth  of 
penetration.  Sample  bars  pressed  at  5000  psi  could  be  stained 
to  a  depth  of  two  millimeters  with  the  pink  dye. 

Control  of  Poros ity  Before  Firing 

1,  Wet  binder  method  ••  Bars  made  by  this  method  seemed 

to  be  least  porous  and  the  tin  solutions  containing  dye  remained 
on  the  surface, 

2,  Dry  binder  method  -  Bars  made  by  tills  method  seemed 
to  have  good  porosity  and  the  tin  solutions  had  good  penetra¬ 
tion  into  the  unfired  ti tarda  bar, 

3,  Burn-out  of  organic  materials  -  Titania  bars  were 
made  porous  by  burn-out  of  organic  materials;  for  example, 
powdered  rosin  or  sugar  to  give  the  following  results : 


r 


i 


Material 


Firing  Temp. 


Apparent 
Porosi ty 


Dene  i.ty 


T102  1000°C  1  hr.  34.0  2.42 

Ti02  +  10/  Rosin  1000°C  1  hr.  40.9  2.08 

Tl  Op  ;  1900  °C  1  hr.  .3*  4.04 

*  Low  apparent  porosity  may  be  due  to  sealed  pores . 

Bar::,  made  with  rosin  or  sugar  were  very  much  alike  and 
had  a  good  appearance., 

Unfired  titanla  bars  (3"  by  1/3"  x  l/4M)  were  covered 
with  a  tin  solution  (one  gram  SnCl^*5  Hp)  on  the  widest  face 
(3"  x  1/3").  They  were  then  fired  to  1500°C  for  one  hour 
resting  on  the  narrowest  face  (3"  by  1/4")  on  a  zirconia  plate. 
The  sample  bar  bent  as  shown  below: 


This  bending  might  be  caused  by  sintering  of  the  titania 
body  at  a  lower  temperature  than  the  tin  oxide  side  of  the  bar, 
by  the  fact  that  there  is  more  material  present  on  the  coated 
side,  or*  by  residual  stresses.  A  bar  coated  with  tin  solution 
in  the  same  manner  as  above  but  on  both  sides,  remains  straight 
and  does  not  bend.  A  slice,  approximately  two  millimeters  thick 
and  containing  one  tin  oxide-titania  solid  solution  face  and 
one  titania  face,  was  cut  from  this  bar.  No  detectable  bending, 
due  to  residual  stresses,  was  noted.  The  cause  of  this  bending 


remains  uncertain. 


Attempts  to  increase  the  sintering  of  An0o  lever 
by  the  addition  of  CuO  to  the  SnCV,  were  rude ,  a ince  it  way 

CL 

found,  as  shown  in  Table  VII,  that  01;  mole  per  gen:.  CuO  in 
tin  oxide  would  produce  a  sintering  shrinkage  alnos ;  as  great 
as  that  found  in  titania  alone  at  the  same  temperature ,  However, 
when  a  titania  bar  containing  tin  oxide  and  copper  oxide  was 
fired  as  shown  in  Table  VII,  the  sintering  shrinkage  was 
reduced  to  12-13  per  cent. 

Table  VII  contains  data  indicating  that  bars  of  20  mole- 
per  cent  SnOg  in  titania,  and  titania,  have  approximately  the 
same  sintering  shrinkage  characteristics  in  the  temperature 
range  r400c  to  1500° C» 

Chemical  Composition  of  S urfaee  Layers 

In  order  to  understand  the  stress  gradient  in  bodies  with 
compressive  surface  layers,  it  is  necessary  to  know  the  relation¬ 
ship  between  composition  and  thermal  expansion,  and  the  composi¬ 
tion  variations  in  the  body „  Of  the  several  methods  that  could 
be  used  to  determine  the  compositions  at  various  positions  in 
the  treated  bodies,  the  most  convenient  method  for  use  in  this 
program  makes  use  of  the  variation  of  the  lattice  constants 
with  tin  additions  to  form  solid  solutions.  Standard  solid 
solution  samples  of  known  composition  were  prepared  and  the 
variation  of  diffraction  angle  and  with  composition  were 
determined  for  two  diffraction  peaks.  The  composition  of 
unknowns  is  determined  by  determining  the  peak  position  and 
reading  the  composition  from  the  standard  curve. 


r.'uM/i'’ 


VII 


Comparison  of  Per  Cent  Linear  Shrinkage 
v o  „  Heat  Treatment  for  TiOp  SnOp  Bars 


Composition 

l400°C 

_i450^c 

i5oo°_c 

of  Bar 

1  hr,  8  hrs„ 

4  hr 3  „ 

1  hr. 

TiOp 

Ifet  Mix 

10,000  pai 

15,1 

15^0 

15. .9 

Ti0o 

C . 

Dr;>  Mix 

25,000  psi 

15,2 

80  Ti0,v20  Sn0o 

d  d 

15- 5 

15 ,8 

80  TiOp-19.5  SnOp : 

0 , 5  CuO 

12 . 2 

12,7 

12,0 

99 « 5  SnOp ; 0 , 5  CuO 
added  as  CuO 

14,7 

15,6 

l4„6 

99 o 5  Sn0p;'0„5  CuO 
added  as  CuSC-  :5  K,,0 

13 . 8 

16  „  2 

1.5,6 

Sn0o 

C. 

8,2 

4,9 

2,9 

Useful 


Tit  i method  applied  to  so /era l  unknowns 
re:-;  a  Ik;  were  obtained ,  In  one  case  7. of;  SnOp  was 
solution  :i.n  the  surface  of  a  treated  sample..  Thi 
eon  ten:;  is  sufficient  to  introduce  significant  st 


found  .in 
tin  oxide 


Det e rminat Ion  o f  G ra i n  Size 

Thin  sections  were  cut  and  ground  from  titariia  samples 
fired  to  (l)  lf;00°C  for  one  hour,  (2)  l450°C  for  one  hour, 
and  (3)  from  a  80$  TiOg-SO#  (mole)  SnOg  sample  fired  to  1500°C 
for  one  hour.  The  thin  section  of  the  titariia  sample  fired 
to  1500° C  appears  to  be  slightly  more  transparent  and  contains 
slightly  larger  crystals  (10  to  l8  microns)  than  the  section 
of  the  bar  fired  to  l450°C  (8  to  15  microns )„  Very  little 
difference  could  be  found  between  the  section  of  the 
8C; j(,  Ti0o:20$  Sn0o  sample  compared  with  the  titariia  sections, 

d  d 

A  polished  section,  etched  with  potassium  bisulfate 
showed  a  slight  tendency  for  the  individual  crystal  grains  to 
stand  out  in  relief  but,  on  the  whole,  the  surface  was 
rapidly  and  uniformly  etched  back  as  a  smooth  surface. 

Variation  of  Strength  with  Firing  Temperature 

"  A  preliminary  series  of  firings  was  made  as  reported  in 
Table  VIII  to  determine  the  effect  of  peak  temperature  and 
time  on  the  modulus  of  rupture  of  titania  'bars.  Modulus  of 
rupture  was  measured  by  three-point  loading  over  a  two-inch 
span  applying  the  load  at  10,000  psi  per  minute. 


TABLg  VIII 


Modulus  of  Rupture  vs,  Firing  Conditions 


Sample 

Mo .. 

wt„ 

Press 

FI  ring 
Time 

Temp , 

Modulus 

Rupture 

psi 

of 

In 

ill 

12 

10,000 

1  hr 

i,^oo°c  ' 

15,000 

//2 

12 

10,000 

1  hr 

1  hr 

1  hr 

1,100°C 

1,100°C 

1, 400°C 

17,200 

iij 

12 

10,000 

1  hr 

i,  500 °C 

10,680 

//4 

12 

10,000 

1  hr 

l,500°c 

10,128 

ih 

12 

10,000 

1  hr 

l,500°c 

10,000 

#6 

12  gm  24, 000 
(Dry  Mix) 

1  hr 

1,380°C 

16,551 

The  data  from  this  series  of  firings  indicates  that  a 
short  (one  hour  at  peak  temperature)  firing  at  1500°C  on  a  bar 
pressed  at  10,000  psi  produces  a  relatively  weaker  body  than 
a  similar  firing  time  at  l400°C, 

The  bar  that  had  a  longer  soak  period  at  1100°C  with  a 
final  peak  temperature  of  l400°C  has  a  higher  strength  than 
the  l400°C  bar  with  no  soak  period,  'Pressing  a  bar  at 
25,000  psi  and  firing  at  l400°C  results  in  a  strength  comparable 
with  that  of  the  bar  pressed  at  a  lower  pressure  with  a  longer 
firing  time. 


[El,  CONCLUSIONS 


A.  Periclase  solid  solutions  in  the  system  MgO-NiO  have 
thermal  expansion  coefficients  that  are  lower  than  the  thermal 
expansion  coefficients  of  the  relatively  pure  MgO  on  which 
they  Fdghi  be  used  to  form  compressive  surface  layers, 

B„  Spinel  solid  solutions  in  the  system  MgO 5 AlgO^-Al^O^ 
have  thermal  expansion  coefficients  that  are  flower  than  the 
thermal  expansion  coefficients  of  the  relatively  pure  MgO’Al^O^ 
on  wiriach  they  might  be  used  to  form  compressive  surface  layers, 
Co  Addition  of  solid  solutions  in  the  above  systems  to 
the  list  of  available  low-expansion  solid  solutions  has  sub¬ 
stantially  increased  the  chances  of  success  in  this  research 
program  by  increasing  the  number  of  material  combinations  that 
can  be  investigated  as  surface  and  base  materials, 

Ti0,-j-Sn0o  solid  solution  layers  can  be  formed  on  the 

d  d 

surface  of"  TIOg  bodies. 


A.  Thermal  Pxpansi.on  Research 

The  search  for  additional  solid  solutions  having  lower 
thermal  expansion  coefficients  than  a  pure  component  will  be 
continued,.  This  work  will  include  investigations  of  systems 
not  previously  investigated,  attempts  to.  obtain  more  homo¬ 
geneous  solid  solutions  In  the  systems  Al^O^-Cr^Q^  and 
TiOg-SnOg-VC^  and  attempts  to  obtain  more  complete  reaction 
between  Al^O^  and  Ga^CU  „ 

3 „  Preparation  of  Compressly e_ Surface  Layers 

Preparation  of  TiOg-SnOg  soled  solution  surface  layers 
on  Ti02  bodies  will  be  continued.  In  addition,  a  second  system 
will  be  selected  for  investigation  and  compressive  surface  layers 
will  be  prepared  using  compositions  In  this  system. 


mpressive  Surface  Layers 


Investigation  of  Stresses 


Preliminary  investigations  o ft  the  stresses  in  compressive 


surface  layers  will  be  conducted.  The  X-ray  diffraction  method 
and  the  change  in  curvature  when  part  of  a  stressed  body  is 
removed  will  be  used  as  methods  of  measurement,,  Analytical 


methods  of  stress  determination  wll 


be  investigated. 
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